Summary: Several methyl 17ß-carboxyester derivatives of natural and fluorinated glucocorticoids were synthesized in order to compare their potency to compete for [ 3 H]dexamethasone binding sites in human spieen tumour cytosols (äs a source of large quantities of white blood cells) with their potency to inhibit phytohaemagglutinin-induced blastogenesis of normal human peripheral lymphocytes. The 17ß-carboxylic acids neither show binding activity nor Inhibition of blastogenesis. Methylation partially restores the binding capacity and the intensity of this effect depends on the kind of ring substitütions. The sequence of binding potency is identical compared to that of parent steroids and was found to be in the following order: desoximetasone > dexamethasone > corticosterone > Cortisol > progesterone > 17-hydroxyprogesterone. The phytohaemagglutinin-induced Stimulation of [ 3 H]thymidine incorporation resembles the order of binding potency. The methyl 17ß-carboxyester derivatives of progesterone, 17-hydroxyprogesterone and betamethasone are inactive. The N-benzyl 17ß-carboxamide analogs of dexamethasone and betamethasone behave like their corresponding carboxyesters, suggesting an important influence of the side chain conformation of 17ß-carboxyl derivatives on glucocorticpid receptor binding. 
war wie folgt: Desoximetason > Dexamethason > Corticosteron > Cortisol > Progesteron > 17-Hydroxy
Introduction
The mechanism of action of glucocorticoids has been intensively investigated (for a review see I.e. (1)). The steroid is thought to enter its target cell and to bind with high affinity and specificity to a cytosolic receptor protein.
Specific receptors for glucocorticoids can be identl· fied in purified subpopulations of human mononuclear cells (e. g. T. lymphocytes, non-T lymphocytes and monocytes). On the basis of quantity, binding affinity and specificity, these receptors appear to have equilibrium dissociation constants (2) and pätt-erns of competition (3) that are essentially identical for a variety of steroid analogs. Glucocorticoids exert profound effects on human immune functions. A variety of in vitro studies have suggested that many parameters of lymphocyte function are inhibited by glucocorticoids (4) . These include Inhibition of glucose uptake and amino acid incorporation, Inhibition of mitogen-mediated blastogenesis and elaborat ion of a variety of lymphokines (2) .
Receptors in human peripheral blood lymphocytes may be induced threefold on a per cell basis with the mitogen phytohaemagglutinin. This is accompanied by a much higher sensitivity towards macromolecular synthesis to glucocorticoid Inhibition than in nonstimulated cells (2, 5, 6) .
In this report the binding potency of natural and synthetic glucocorticoids and their derivatives to glucocorticoid receptors of human spieen tumours is determined and compared with their potency to inhibit in vitro the phytohaemagglutinin-mediated blastogenesis of normal human peripheral blood lymphocytes.
Materials and Methods

Chemicals [
3 H]Dexamethasone (9-fluoro-16a-methyl-llß,17,21-trihydroxy-l,4-pregnadiene-3,20-dione) 0.74 TBq/mmol and [ 3 H]thymidine 0.18 TBq/mmol were purchased from Amersham. Desoximetasone (9-nuoro-16a-methyl-llß,21-dihydroxy-l,4-pregnadiene-3,20-dione) was obtained from Hoechst AG; all other steroids were purchased from Sigma. The 17ß-carboxylic derivatives of 21-hydroxy pregnanes (la-IXa) were obtained by periodic acid oxidation (7) . Methylation of the acids to their corresponding methyl esters (Ib-IXb) was performed with diazpmethane.
N-Benzyl 9-fluoroTi6a-methyl-llß,17-dihydroxy-3-oxo-l,4-androstadiene-17ß-carboxarhide (Ic) and N^benzyl 9-fluoro-16,ß-methyl-11 ß, 17-dihydroxy^3roxo^ l ,4-androstadiene-l 7ß-carboxamide (IIc) were synthesized according to Formstecher et al. (7) . The synthesis pf compound X will be described elsewhere (6) .
Preparation of cytpsols
Human spieen tumour tissue was stored at -70 °C until use. After thawing in hpfnogenization buffer (20 mmol/I Tris/HCI, 2.73 mol/1 glycerol, 2 mmpl/1 CaCL 2 , l mmol/1 MgCfc, 5 mmol/1 me> captoethanol, pH 7.4), the tissue was minced in 3 volumes of buk fer and homogenized by 10 strpkes pf a teflon/glass Potter/Elvehjem homogenizer. The homogenate was centrifuged for 45 min at 105000g and the supernatant taken äs cytosoL
Competition assay
The tübes were prepared äs follöws: To each tube 0.1 ml of [ 3 H]dexamethasone (in homogenization büffer) was pipetted, to give a final concentration of 32 rimoi/1. Then aliquots of 0.1 ml containing the various competitors (in homogenization buffer) at 10 different concentrations (3.2-640 nmol/1) were added. Finally 0.2 ml of cytosol were added to each tube and the tubes weife incubated for 4 h at 0 °C. Incubation was terminated by the addition of l ml dextran-coated charcoal Suspension. The final con? centrations were 5 g/l of charcoal and 0.5 g/l of dextran T 500. After 10 min of incubation the tubes were centfifugep' for 10 min at 5000 g and l ml of the supernatant was withdrawn and counted for radioactivity. All determinations were carried out in tfiplicate. The relative binding affinities of the steroids for cytosolic glucoĉ orticoid receptors were determined äs described by Ojasoo & Raynaud (8) . The relative binding affinity pf dexamethasone was taken to be equal to 100. Peripheral blood lymphocytes from healthy donors were isolated using a Ficoll Hypaque double gradient technique (12) . The cells were washed three times in Hanks balanced salt solution and reŝ uspended at a cell concentration of 10 9 /1 in medium 199 (Flow Laboratories, Meckenheim, F.R.G.) supplemented with 50 ml/I heat-inactivated serum from healthy donors belonging to blood group AB, 2 mmol/1 L-glutamine, 100000 U/l penicillin (Sigma, München, F.R.G.) and 100 mg/1 streptomycin (Sigma, München, F.R.G.). More than 95% of the lymphocytes were viable äs determined by trypan blue exclusion. 200 of culture medium, containing 2 x l O 5 cells, were added to each well of round bottomed microtiter plates, 10 of phytohaemagglutinin P dilutions (Difco Laboratories, Detroit, Michigan, USA, 5 mg/1 phytohaemagglutinin) and 10 of steroid Solutions of increasing concentrations dissolved in 9 g/l NaCl were added to each well and incubated for 72 h at 37 °C in a humified atniosphere of 5% COa and 95% air. LympKocyte Stimulation was assessed by the incorporation öf [
Results and Discussion
In recent years a multitude of novel side-chain modified glucocorticoids have been synthesized. In principle, three different chemical pathways are accessible: elongation of the side-chain (4, 10-13), introduction of reactive groups by retaining 21 carbon atoms (14, 15) , and oxidation of the side chain to the corresponding 17ß-carboxylic acid analog (12) (13) (14) . The latter are the topic of this study.
To investigate the influence of a side-chain modificatipn on the biological activity of a family of glucocorticoid analogs, we selected 17ß-carboxylic acids and their methylester analogs. They are easily accessible and the yields are almost quantitative (7). The three 17ß-carboxamide analogs of dexamethasone used in this study were synthesized according to Formstecher et al. (7) with the exception that the N-hydroxysuccinimide active ester analog of dexamethasone was reacted with the respective amine.
Depending on the histological classification of lymphogranulomatosis maligna (Hodgkins disease) human spieen tumours contain varying amounts of white blood cells. Linear regression analysis of Scatchard plots gave an apparent Kdiss at 0 °C of 6.8 ±2.1 nmol/1. This is in good agreement with the equilibrium dissociation constants found for the glucocorticoid receptors of T-lymphocytes, non-T lymphocytes and monocytes in partly pürified subpopulations of human mononuclear cells (2) . Not only are the dissociation constants similar but binding speciflcity studies revealed similar patterns of competition by a variety of steroid analogs in all human spieen tumours so far tested, independent of the histological classification. Thüs human spieen tumours embody an ideal source of very large quantities -of glucocoiticoid receptor positive tissues.
The relative binding affinities of the steroids to the spieen tumour glucocorticöid receptor are listed in table 1. As described for rat hepatoma tissue culture cells (19), substitutions like 11-oxo, 17-hydroxyl and 21-deoxy consistently reduce the affinity for the receptor, whereas the oxidation of the side-chain to androstane derivatives yields inactive steroids. Methylation partly restores the binding capacity and the value of this effect is subject to the kind of ring substitutions. Figure 2 clearly proves this observation and shows that the 17-hydroxyl group has the same unfavourable effect on the binding to the glucocorticoid receptor of human spieen tumour leukocytes äs observed in other Systems (16, 18) .
The seqüence of potencies for the 17ß-carboxyesters is identical to that of parental steroids ( fig. 3) and was found to be desoximetasone > dexamethasone > corticosterone > cortisol > progesterone > 17-hydroxyprogesterone. Interestingly, the methyl 17ß-carboxyester analog of betamethasone (Ilb) deviates from the rule. Although the binding of dexamethasone (16a-methyl) to glucocorticoid receptors cannot be distinguished from that of betamethasone (16ß-methyl), compound Ilb is, if at all, only a very weak competitor. This is in good agreement with the binding affinities found for 16 -and 16ß-methylprogesterone, 16 -and 16ß-methyl-17-hydroxyprogesterone and 16 -and 16ß-methyl-17,21-dihydroxy-4-pregnene-3,20-dione (18, 19) . With the N -benzyl analogs of dexamethasone (Ic) and betamethasone (IIc), we could show that this was not an abnormal result, in that a 16ß-methyl Substitution again led to an inactive derivative, As already shown by Schmii & Rousseau (18) , one cannot ascribe the extremely low affinities of 16ß-methyl compounds a priori to steric hindrance (tab. l, compound X) since on the other hand the loß^me-thyl Substitution of betamethasone (II) does not de- optimal inducers raise the basal tyrosine aminotransferase levels whereas antiinducers are unable to stimulate tyrosine aminotransferase synthesis. The latter, however, can decrease the enzyme induction by optimal or suboptimal inducers (20) . Recently, Rousseau et al. (16) reported, that 17ß-carboxamide analogs of dexamethasone, despximetasone and hydrocortisone represent a riew class of glucocorticoid antagonists. This antiglucocorticoid effect was found to be dose-dependent and the order of potency of the inhibitors was consistent with their respective affinities for rät hepatoma tissue eulture cell glucocorticoid receptors.
Comparable results were found for the 17ß-carboxyester analog of dexamethasone Ifr in vivo. Although compound Ib arid hydrocortisone (compound VI) possess similar binding affinities, only hydrocortisone is able to raise the levels of tyrosine aminot ransferase and tryptophan-2,3-dioxygenase (EC 1.13.11.11) in the livers of adrenälectornized rats (17) . In contrast to rat liver [where methyl 17ßrcarboxyes-ter derivatives of dexamethasone (Ib) ör hydrocortisone (VIb) are not able to raise tyrosine äminotrans-ferase and tryptophan-2,3-dioxygenase activities . l and fig. 4 ). The order of Inhibition resembles that of binding affinities to the glucocorticoid receptors of human spieen tumo r cytosol (tab. 1) and was found to be the same in three differently stimulating phytohaemagglutinin and concanavalin A concentrations (data not shown). The methyl 17 -carboxyester derivatives of progesterone and 17-hydroxyprogesterone do not inhibit blastogenesis up to 5 μιηοΐ/ΐ steroid in the culture medium. This is consistent with the very low affinities of these compounds to the glucocorticoid receptor (tab. 1). Clemens et al. (21) 
